The identification and classification of yeasts have traditionally been based on morphological, physiological and biochemical traits. Various kits have been developed as rapid systems for yeast identification, but mostly for clinical diagnosis. In recent years, different molecular biology techniques have been developed for yeast identification, but there is no available database to identify a large number of species. In the present study, the restriction patterns generated from the region spanning the internal transcribed spacers (ITS1 and ITS2) and the 5.8s rRNA gene were used to identify a total of 132 yeast species belonging to 25 different genera, including teleomorphic and anamorphic ascomycetous and basidiomycetous yeasts. In many cases, the size of the PCR products and the restriction patterns obtained with endonucleases Cfol. Haelll and Hinfl yielded a unique profile for each species. Accordingly, the use of this molecular approach is proposed as a new rapid and easy method of routine yeast identification.
INTRODUCTION
The beneficial activities of yeasts are of great economic significance and they have been used for millennia in the production of fermented foods and alcoholic strains.
achieved by comparison of morphological traits and physiological features (Barnett et al., 1990 ; Krejer-van Rij, 1984) , which in some cases can lead to an incorrect classification of species or a false identification of beveiages (Deak & Beuchat, 1996) . In the present century, as the fermentation industry has developed, yeasts have been used in the production of valuable products, including antibiotics, vitamins and enzymes. However, they also cause immense economic losses, and their harmful activities as saprotrophs include damage to food and manufactured goods. Consequently, the reliable and rapid identification of those species involved in food processing and the detection of yeasts causing food spoilage are desirable (Carlie & Watkinson, 1994) .
The conventional methodology for yeast identification requires evaluation of some 60-90 tests, and the process is complex, laborious and time consuming (Deak, 1995; Deik & Beuchat, 1996) . In recent years, to improve the conventional methods, rapid kits for yeast identification have been developed. However, they were initially designed for clinical diagnosis and their application is restricted to 40-60 yeast species of medical interest (Deak, 1993) . In general, it is necessary to do around 100 tests to obtain a reliable identification of yeasts at the species level, and 1-3 weeks are often neiessary to obtain a final result (Barnett et al., 1990; Krejer-van Rij, 1984; Lin & Fung, 1987) . Some methods based on the analysis of total cell proteins (Guillambn et al., 1993 ; van Vuuren & van Der Meer, 1987; Vacanneyt et al., 1991) and long-chain fatty acids using gas chromatography (Augustyn et al., 1991; Cottrell et al., 1986; Moreira da Silva et al., 1994; Tredoux et al., 1987) have also been developed. However, the reproducibility of these techniques is
Yeasts are unicellular fungi and can be classified into two phylogenetic groups, teleomorphic and anamorphic ascomycetous yeasts and teleomorphic and anamorphic basidiomycetous yeasts (Kurtzman & Fell, 1998) . The differentiation of taxa is usually questionable due to the fact that they depend on the physiological state of the yeast cells (Golden et al., 1994) .
Recent progress in molecular biology has led to the development of new techniques for yeast identification based on similarity or dissimilarity of DNA, RNA or proteins. These include allozyme patterns (Naumov et al., 1997) , DNA-DNA hybridization (Torok et al., 1993; Vaughan Martini & Martini, 1985 , 1987 , electrophoretic karyotyping (Guillamon et al., 1996 ; Nadal et al., 1996; Perez et al., 1995 , Querol et al., 1992b , Schuctz & Gafner, 1993 Torok et al., 1993) , microsatellite analysis (Baleiras Couto et al., 1996) , nested-PCR (Ibeas et al., 1996) , random amplified polymorphic DNA (RAPD) analysis (Baleiras Couto et al., 1994; Lopandic et al., 1996; Quesada & Cenis, 1995) , RFLP of chromosomal DNA (Versavaud & Hallet, 1995) or RFLP of mitochondria1 DNA (Belloch et al., 1997; Guillamon et al., 1994 Guillamon et al., , 1997 Ibeas et al., 1997; Nadal et al., 1996; Pirez et al., 1995; Querol et al., 1992a , Romano et al., 1996 . However, these techniques are impractical for the routine identification of a large number of species since they were developed for species characterization and there is no available database which would permit the analysis of new results.
Previous results have demonstrated that the complex ITS (internal transcribed spacer) regions (non-coding and variable) and the 5.8s rRNA gene (coding and conserved) are useful in measuring close fungus genealogical relationships since they exhibit far greater interspecific differences than the 18s and 25s rRNA genes (Cai et al., 1996; James et al., 1996; Kurtzman, 1992 Kurtzman, , 1993 . Because ribosomal regions evolve in a concerted fashion, they show a low intraspecific polymorphism, and a high interspecific variability (Li, 1997) has been proved very useful for the classification of Saccharomyces species (Huffman et al., 1992; Molina et al., 1992; Valente et al., 1996; Wyder & Puhan, 1997) , Kluyveromyces species (Belloch et al., 1998) and, recently, for the identification of a small collection of wine yeast species (Guillamon et al., 1998) .
In the present study, we have tested the application of the restriction analysis of the rRNA region spanning the 5.8 rRNA gene and the two ITSs (here referred to as the 5.8s-ITS region) as a rapid and easy method for yeast species identification. For this purpose, we have obtained restriction patterns of PCR products for the identification of 132 species from 25 different genera, including teleomorphic and anamorphic ascomyce tous and basidiomycetous yeasts. Tables 1-3. PCR reaction and DNA digestions. Cells were directly collected from a fresh yeast colony using a yellow tip and suspended in 100 pl PCR reaction mix containing 0.5 pM primer ITS 1 (5' TCCGTAGGTGAACCTGCGG 3'), 0.5 pM primer ITS4 (5' TCCTCCGCTTATTGATATGC 3'), 10 pM deoxynucleotides, 1.5 mM MgCl, and 1 x buffer (MAD-GEN). The suspension was heated at 95 "C for 15 min in a Progene (Techne) thermocycler. One unit of DNA Polymerase SuperTherm (MAD-GEN) was then added to each tube. PCR conditions were as follows : initial denaturation at 95 "C for 5 min; 35 cycles of denaturing at 94 "C for 1 min, annealing at 55.5 "C for 2 min and extension at 72 "C for 2 min; and a final extension at 72 "C for 10 min. PCR products (10 p1 or approximately 0.5-1.0 pg) were digested without further purification with the restriction endonucleases CfoI, HaeIII and Hinff (Boehringer Mannheim), although endonucleases AM, DdeI, ScrFI or Tag1 were additionally used in some particular cases. The PCR products and their restriction fragments were separated on 1-4 YO and 3 YO agarose gels, respectively, with 1 x TAE buffer. After electrophoresis, gels were stained with ethidium bromide, visualized under UV light and photographed (Image Master, Pharmacia). Sizes were estimated by comparison against a DNA length standard (100 bp ladder, Gibco-BRL).
METHODS

RESULTS AND DISCUSSION
ITS 1 and ITS4 primers were used to amplify the region of the rDNA repeat unit that includes the 5.8s rRNA gene and the two non-coding regions designated the internal transcribed spacers (ITS1 and ITS2) (White et al., 1990) of 243 strains belonging to 132 species. Tables 1, 2 and 3 show the sizes of the PCR products and the restriction fragments obtained using the restriction endonucleases CfoI, HaeIII and Hinff. Fragments smaller than 50 bp could not be reproducibly visualized and were not included in these tables.
The PCR products showed a high degree of length variation, ranging from 380 bp for Yarrowia lipolytica (CECT 1240) and Pichia pastoris (CECT 11078) to 1050 bp for the type strain of Schizosaccharomyces pombe var. pombe. In the majority of cases, the PCR products from strains of the same species had identical molecular sizes, and species of the same genus had similar sizes for the amplified fragment. In the following sections results are discussed for each yeast class, genus by genus.
Teleomorphic and anamorphic ascomycetous yeasts
The genus Candida includes all yeast species that cannot be classified in other asexual ascomycetous yeast genera. As a result it is a very heterogeneous genus and the perfect state of most Candida species is still unknown (Krejer-van Rij, 1984) . Different molecular techniques have been used to identify and characterize Candida species. However, except in the case of the clinical species (Botelho & Planta, 1994; Iwaguchi et al., 1990; Jordan, 1994) , a standard method of classification has not been developed. In this study, we have analysed by RFLP of the 5.8s-ITS region 56 strains belonging to 30 species. These strains showed a unique restriction pattern for each species with the three endonucleases used (see Table 1 ). The size of the amplified fragment was very variable, ranging from 400 bp for Candida agrestis (CECT 11 179T) to 800 bp for Candida glabrata (CECT 1448) , showing the heterogeneity of this genus. Due to the high diversity and complexity of this genus we recommend use of the information obtained with the three restriction enzymes CfoI, HaeIII and Hinff to achieve a reliable classification of the 31 species included in this study.
Debaryomyces is a complex genus in which species previously identified as Saccharomyces, Torulaspora, Zygosaccharomyces, Issatchenkia and Pichia have been included. In our study, three species, Debaromyces hansenii, Debaromyces polymorphus and Debaromyces pseudopolymorphus, were analysed. Because some of the morphological and physiological tests produce variable or delayed responses, it is difficult to achieve a correct identification of the species of this genus by classical methods (Barnett et al., 1990; Krejer-van Rij, 1984) . In most cases, restriction analysis of the 5.8s-ITS region of Debaryomyces species exhibited the same patterns with different endonucleases, not only with the three general restriction enzymes included in Table 1 , but also with AluI, DdeI, ScrFI and TaqI (results not shown). Some strains of Debaromyces polymorphus showed a different pattern, indicating that this taxon includes two different types of strains. One type had the same pattern as the other two species of the genus. The second type exhibited a clearly different pattern, and therefore their assignation to this species could be reconsidered in further studies. In the light of these results and due to the heterogeneity of this genus, more strains representing all the species from this genus should be used to verify our results. As representatives of the genus Dekkeral Brettanomyces, six strains of Dekkera anomala and Dekkera bruxellensis were analysed. Both species are important spoilage yeasts present in soft drinks and alcoholic beverages. The restriction patterns obtained with the three restriction enzymes are species-specific. A striking result is the large difference in the PCR product length, namely 800 bp for Dekkera anomala, which is in the range of the largest fragments, and 485 bp for Dekkera bruxellensis, in the range of the shortest sizes. Another very interesting result is the fact that both anamorph (Brettanomyces bruxellensis, CECT 1009LT) and teleomorph forms (Dekkera bruxellensis, CECT 1451*) exhibited the same PCR lengths and restriction patterns, indicating that this technique is also useful to detect perfect-imperfect pairs.
Only six species are currently accepted in the genus Hanseniaspora (anamorph = Kloeckera) according to DNA reassociation studies (Meyer et al., 1978) and partial 18s and 26s rRNA nucleotide sequence analysis (Yamada et al., 1992 According to morphological and physiological tests, ten species are recognized in the genus Metschnikowia. Four of them have been isolated from aquatic sources and the others from terrestrial environments. Metschnikowia pulcherrima is one of the most important species involved in food processing. We analysed eight strains of this species and all of them showed identical patterns.
The genus Pichia, in the description given by Kurtzman (1984) is, with 57 species, the largest ascomycetous yeast genus. A wide variation exists in their morphological and physiological responses, and some have been transferred to the genera Issatchenkia and Debaryomyces (Krejer-van Rij, 1987) . In this study we analysed 20 species recovered from diverse habitats (insects, soils and drinks). The complexity of this genus is reflected in the heterogeneity in the sizes of their PCR fragment lengths, ranging from 380 bp in Pichia pastoris (CECT 11078) to 750 in Pichia angusta (CECT 10220). We obtained unique species patterns with the exception of the pair Pichia segobiensis (CECT 10210) and Pichia stipitis (CECT 1922) , which were impossible to differentiate with all the endonucleases tested (AluI, CfoI, DdeI, HaeIII, Hinff, ScrFI and TaqI) . We paid special attention to the species isolated mainly from fruit, soft drinks and alcoholic beverages, such as 1960T 1962, 10141, 10183, 10559 1950T 1953, 1966T 195gT t PCR-amplified product. Schizosaccharomyces pombe, characterized by its special mode of vegetative reproduction and a certain degree of osmophily, is probably the only one to cause food spoilage of the three species of the genus. This species presents a great variability in the size of the 5-8s region, as described by Schaak et al. (1982) . In the four strains analysed, we found two fragment lengths (950 bp and 1050 bp) that agree with the two different . restriction patterns, one of them for the strains CECT 1378 and CECT 10685, and the other for CECT 1379 and CECT 11 197 (see Table 1 ).
In the genus Torulaspora three species are accepted according to Barnett et al. (1990) , although the most frequently isolated from foods is Torulaspora delbrueckii. We observed the same pattern for ten strains of this species, and species-specific patterns for the other two species of the genus, Torulaspora globosa and Torulaspora pretoriensis.
The species of the genus Zygosaccharomyces are important osmotolerant food spoilage ascomycetous yeasts. In this study, we analysed 18 strains from the 9 species of this genus, and we could associate each species with a particular pattern, with the exception of Zygosaccharomyces cidri and Zygosaccharornyces fermentati, which yielded the same pattern with all the endonucleases used (AluI, CfoI, Dde I , HaeIII, HinfI, ScrFI and TaqI). The two strains of Zygosaccharomyces microellipsoides showed the same pattern using only the endonuclease Hinff, but were polymorphic for the other two enzymes. For this reason we recommend the use of only Hinff to identify this species.
Teleomorphic and anamorphic basidiomycetous yeasts
Species belonging to the genus Cryptococcus are defined by a combination of morphological and physiological characters, the absence of pseudomycelium, colony pigmentation and ultrastructure of the septa1 pore (GuCho et al., 1989) . Due to the lack of fermentation and sexual reproduction their identification by conventional approaches is rather difficult, so we propose this new method also for the identification of the species of this genus. The amplified fragments present a high degree of variation in size, ranging from 490 bp for Cryptococcus luteolus (CECT 1099) to 900 bp for Cryptococcus terreus (CECT 1106). Using the endonucleases HaeIII and CfoI, all the strains of Cryptococcus albidus var. albidus yielded the same restriction fragments, but with Hinfl the strains CECT 11 138 and CECT 1086 (type strain of Cryptococcus difluens var. uruguaiensis) showed a different restriction pattern, which could be an indication of the existence of a different variety or species. The species Cryptococcus magnus and Cryptococcus uniguttulatus have the same PCR product size and restriction patterns with Hinff and CfoI. They can be distinguished by using the endonuclease HaeIII (see Table   The genera Rhodotorula, Sporidiobolus and Sporobolornyces include basidiomycetous yeasts producing red-or orange-pigmented colonies. An important characteristic of Rhodotorula species is the inability to assimilate inositol, which distinguishes Rhodotorula from Cryptococcus (Krejer-van Rij, 1987) . We could differentiate the five species analysed in the present study. The species Rhodotorula grarninis and Rhodotorula rninuta had the same pattern with HaeIII, but different patterns with CfoI and Hinfl. With these endonucleases it is possible to obtain a species-specific pattern.
3).
Conclusions
The restriction patterns of the 5.8s-ITS region have been used to differentiate 132 yeast species belonging to 25 different yeast genera, the majority isolated from food and some additional species representing related genera. Analysis of Tables 1, 2 Zygosacch. fermentati. In all cases, the method proved to be reproducible and very useful to easily and rapidly identify and classify all the species included in the present work. This special feature has been used for identification of wine yeast species (Guillamh et al., 1998) and also for strains isolated from cheese and fermented sausages (unpublished).
Using this method, the anamorph and teleomorph forms yielded the same pattern, as exemplified by the pairs Br. bruxellensisll). bruxellensis, H'spora uvarurnI Kl. apiculata and Tspora delbruekiilc. colliculosa. In addition, the majority of the strains of the same species showed the same restriction pattern with all the enzymes analysed, with the exception of K . lactis (Belloch et al., 1998) and Cr. albidus, where strains previously identified as synonymous could be recognized as varieties.
Finally, the results presented in this work constitute an initial database, and should be supplemented with further species not used in the present work. To prevent errors we recommend the use of the same conditions that we have applied in this study, namely to separate the PCR products on 1.4% and the restriction fragments on 3 % agarose gels. In the case of doubt, we suggest including the type strains in the same gel and, finally, it is worth noting that fragments smaller than 50 bp could not be clearly visualized and were not considered.
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